The existence of Friedmann limits is systematically investigated for all the hypersurface-homogeneous rotating dust models, presented in previous papers by this author. Limiting transitions that involve a change of the Bianchi type are included. Except for stationary models that obviously do not allow it, the Friedmann limit expected for a given Bianchi type exists in all cases. Each of the three Friedmann models has parents in the rotating class; the kϭϩ1 model has just one parent class, the other two each have several parent classes. The type IX class is the one investigated in 1951 by Gödel. For each model, the consecutive limits of zero rotation, zero tilt, zero shear, and spatial isotropy are explicitly calculated.
0 ,x 1 ,x 2 ,x 3 ͖ϭ͕t,x,y,z͖, we obtain for the velocity field u ␣ , the metric tensor g ␣␤ , the rotation tensor ␣␤ and the rotation vector w ␣ in these coordinates
g 00 ϭ1, g 01 ϭy, g 02 ϭg 03 ϭ0, gϵdet͑g ␣␤ ͒ϭϪn Ϫ2 ,
͑1.8͒
It is the last property that makes the limiting transition →0 impossible without a coordinate transformation and reparametrization. In these coordinates, if any Killing field is allowed by the metric it must be of the form
where C is an arbitrary constant and (x,y) and (x,y) are arbitrary functions. If ,␣ 0 ͑i.e., is not constant on an open set͒, then the coordinates can be adapted to k ␣ within the Plebański class ͓by Eqs. ͑1.2͒-͑1.4͒ and ͑1.6͔͒ so that k ␣ ϭ␦ tionary type II metric exists in the collection, and is found to admit the kϭ0 Friedmann limit, even though it is known 7, 8 that spatially homogeneous type II dust solutions must have zero rotation, see Sec. III. Now we shall systematically go over all the cases presented in Refs. 2 and 3. The two cases from Ref. 1 are immediately seen to admit no Friedmann limit: In both of them, the velocity field of the dust is spanned on the Killing fields ͓see Eqs. ͑7.7͒ and ͑7.8͒ in Ref. 1͔, so the particle number density n will obey n ,␣ u ␣ ϭ0. Hence, these cases cannot contain any expanding Friedmann model because in the latter n ,␣ u ␣ 0. Each of the models presented in Refs. 2 and 3 that allows a Friedmann limit will be first transformed to the Plebański coordinates ͑most of them were found in coordinates adapted to the Killing fields that are not in the Plebański class͒. Then, each model will be transformed by a coordinate transformation and reparametrization of the metric functions and constants to such a form in which the limit of zero rotation can be calculated explicitly. Then, the Friedmann limits will be calculated by consecutively imposing on the metric the conditions of zero rotation, zero tilt, zero shear, and spatial isotropy ͑i.e., constant curvature in the three-spaces orthogonal to the dust flow͒. This last condition is not superfluous, even though dust with zero rotation and zero shear must be a Friedmann model in consequence of the Einstein equations. 9 It is conceivable that no Friedmann limit would exist at all in some classes. However, this does not happen, and a spatially isotropic subcase will be found to exist in all cases. The corresponding limits of the Killing fields, where nontrivial, will be also calculated and the Bianchi type of the limit determined.
Since on each of the underlying manifolds five vector fields exist ͑velocity, rotation, and the three Killing fields͒, the five vectors must be linearly dependent at each point. This linear relation allows to identify in each case the parameter that determines the tilt of the velocity field with respect to the symmetry orbits-see Sec. V. It turns out that this tilt parameter is always simply proportional to that defined by King and Ellis. 
II. THE CASES 1.1.1 OF REF. 2
We begin with case 1.1.1.1., which is of Bianchi type III. The transformation from the coordinates used in Eq. ͑2.18͒ of Ref. 2 ͑that were adapted to the Killing fields͒ to the Plebański coordinates is given by Eq. ͑2.16͒ in Ref. 2 ͑where ͕tЈ,xЈ,Y ,Z͖ are FIG . 1. The diagram shows how the different Bianchi types can be specialized by taking the zero limit of one or more of the structure constants. This allows to recognize ͑by the rules given at the end of Sec. I͒, which Friedmann models can possibly be contained as limits in a given class-see text. All the possibilities are actually realized in the collection considered in the paper.
the coordinates of ͑2.18͒, and ͕t,x,y,z͖ are the Plebański coordinates͒. The transformed metric is g 00 ϭ1, g 01 and all the h i j , i, jϭ1,2,3 are arbitrary functions of Z. The first line of Eq. ͑2.1͒ will be the same in all the other metrics transformed to the Plebański coordinates, so it will not be repeated from now on. Since the argument of h i j is determined ͑by the Killing equations͒ only up to a constant factor, we are allowed to rescale it by an arbitrary factor. For considering the limit →0, it will be convenient to assume that the argument of h i j is TªZ/͑b 3 ͒ϭtϩy/bϪ͑ C 3 / 3 ͒z.
͑2.3͒
This presupposes that b 3 0, but this condition is included in the definition of case 1.1.1.1. The limit 3 ϭ0 can be taken into account after a simple reparametrization, and it leads to a stationary solution. The subcase bϭ0 is degenerate, and it belongs to the 1.1.2 family. As seen from the last formula in ͑1.8͒, the simplest way to let →0 is to transform y as follows:
and then let 0 →0, so that the only nonzero component of rotation in the new coordinates becomes
0.
͑2.5͒
Then, however, the components g 12 Ј , g 22 Ј , and g 23 Ј of the transformed metric would simultaneously go to zero, and the metric would become degenerate (gϭ0). To avoid this, h 22 must be rescaled as follows:
Then g 12 Ј ϭ 0 h 12 Ϫ 1 2 b 3 Y H 22 / 0 would become infinite in the limit 0 →0. To avoid this, h 12 must be reset so that the infinity is cancelled. Since all h i j depend on T, not on Y , this can be done as follows:
The first term in ͑2.7͒ contains the 0 in the denominator for greater generality, so that
H 12 0. Then, to cancel the infinities in g 11 , the function h 11 must be reset as follows:
The reparametrization ͑2.4͒, ͑2.6͒-͑2.8͒ would be sufficient to make the limit 0 →0 of the metric ͑2.1͒ nondegenerate. However, the hypersurfaces tϭconst, that become orthogonal to the velocity field u ␣ in the limit 0 →0, would not yet coincide with the hypersurfaces of constant matter density. In the Plebański coordinates, as seen from ͑1.8͒, the matter density obeys gϭϪn Ϫ2 , and so n would depend on (tϪC 3 z/ 3 ) in the limit 0 →0, i.e., the model would still be tilted. To untilt it, we must let C 3 →0, and this requires at least one more rescaling. It will be convenient to redefine C 3 as follows
so that the untilting occurs simultaneously with →0. and then h 13 must be reset as follows:
The transformation ͑2.4͒, applied to ͑2.1͒ together with all the subsequent reparametrizations, results in the following metric: where the H i j depend only on t. Here, similarly as in ͑2.1͒, the first line will be the same for every metric, and so it will not be repeated from now on. The metric ͑2.13͒ still has nonzero shear. If a Friedmann model is to result from it, the shear must be set to zero. The coordinates ͕t,x,y,z͖ in ͑2.13͒ are now comoving and synchronous, so zero shear means that
i.e., all the components of the metric must depend on time only through the same factor R 2 (t). This means:
where C i j are unknown constants. With no loss of generality, it may be assumed that . This implies b ϭ0, which seems to be a singular limit of ͑2.18͒. However, the limit b→0 may be easily incorporated into ͑2.18͒ by the following reparametrization:
͑2.21͒
After this, the Riemann tensor of the space tϭconst still has the same form ͑2.19͒-͑2.20͒. With bϭ0, R i j kl ϵ0, i.e., ͑2.18͒ represents then the kϭ0 Friedmann model. This is the Friedmann limit of the metric ͑2.1͒, as expected for Bianchi type III.
In this case, the coordinates of the Friedmann limit are similar to those usually used ͑they are the nonorthogonal Cartesian coordinates for the flat space tϭconst). This will not be so in most other cases-the coordinate representation of the resulting Friedmann limit will be rather exotic, and calculating the Riemann tensor of the subspace tϭconst will be the simplest way to check that it is the Friedmann metric indeed.
The Killing fields for the metric ͑2.1͒ are ͑see Ref. 2͒
As seen from Fig. 1 , the algebra of type III can be specialized only to types II and I, and so the kϭ0 Friedmann limit is the only one of the three that can be expected here. Note that the Killing field k (2) will have a meaningful limit →0, b→0 only if the two limits are tuned so that
Killing field of ͑2.18͒ with bϭ0. The algebra ͕k (1) ,l (2) ,k (3) ͖ becomes then Bianchi type I when 0 ϭ0, as expected. The reasoning behind the reparametrizations, and the subsequent calculation of the limits of zero rotation, zero tilt, zero shear, and constant curvature of the spaces tϭconst, follows the same scheme in all the other cases. Therefore, it will be presented in less detail from now on. In some of the cases, the reparametrization that untilts the limit →0 is a necessary condition for cancelling the infinities introduced by the earlier reparametrizations.
The other two subcases of case 1.1.1 in Ref. 2, i.e., cases 1.1.1.2.1 ͓Eq. ͑3.16͔͒ and 1.1.1.2.2 ͓Eq. ͑3.32͔͒ are immediately seen to allow no Friedmann limit. For both of them, the Killing fields are given by ͑2.22͒ above with 3 ϭ0. As seen from ͑1.8͒, the Killing field k (3) coincides then with the velocity field of dust, and so both these models are stationary.
In fact, the last of ͑2.22͒ is the linear relation among the five vectors mentioned at the end of Sec. I, because it is equivalent to ͑1.12͒. Since with 3 ϭ0 the velocity becomes one of the Killing fields, i.e., becomes tangent to the symmetry orbits, 3 is the tilt parameter. More on this-see Sec. V.
III. CASES 1.1.2 OF REF. 2
The case 1. 
The reparametrization that will allow setting the rotation and tilt to zero is where the h i j are arbitrary functions of the T from ͑3.2͒. The limit of zero rotation and zero tilt is achieved after the reparametrization The kϭ0 Friedmann limit will result now when 0 ϭ0, H i j ϭϪC i j R 2 , and 3 ϭ0. The theorem by King and Ellis mentioned above implies that 0 ϭ0 will follow when ͑3.7͒ is substituted in the Einstein equations.
The Killing fields for the metric ͑3.1͒ are
͓The Killing fields for ͑3.5͒ result when aϭ0 above.͔ After the reparametrization ͑3.3͒, in the limit 0 →0, the basis ͑3.8͒ becomes
In the Friedmann limit 3 →0, the generators ͑3.9͒ become a Bianchi type I algebra.
IV. CASES 1.2 AND 2 OF REF. 2
All of these allow both the kϭ0 and the kϭϪ1 Friedmann limits. Case 1.2.1.1 is of Bianchi type VI h with the free parameter ( With 0 ϭ0, the shearfree limit will result when all h i j ϭϪC i j R 2 (t), and then the kϭϪ1 Friedmann model results when bϭ f 0. The kϭ0 Friedmann limit results when bϭ f ϭ0. This is the first instance where the coordinates of the kϭϪ1 Friedmann limit come out rather exotic. From now on, this will be the rule.
The Killing fields for the metric ͑4.1͒-͑4.2͒ are
͑4.5͒
In the kϭϪ1 Friedmann limit that will result by the first of ͑4.3͒ and bϭ f ,
This is of Bianchi type V, and in the further limit bϭ f ϭ0 it becomes type I. In the case 1.2.1.2 ͓Eq. ͑5.10͒ in Ref. 2͔, which is of type IV, the transformation back to the Plebański coordinates is given by Eq. ͑5.9͒ there. The whole further calculation is similar to ͑4.1͒-͑4.4͒ above. Instead of the last formula in ͑4.1͒ we have
Zªctϩbz,
͑4.7͒
where c is one more arbitrary constant, and in ͑4.3͒ we have: 
͑4.8͒
The reparametrized metric is The limit 0 →0 of ͑4.9͒ is the same as the limit 0 →0 of ͑4.4͒ with bϭ f . Hence, the k ϭϪ1 Friedmann limit will result from ͑4.9͒ when 0 ϭ0 and h i j ϭϪC i j R 2 (t), without any further limitations. The kϭ0 Friedmann limit will result when bϭ0 in addition.
For the case 1. 4 , and it was shown there how the kϭϪ1 Friedmann limit is obtained. In order to obtain the kϭ0 Friedmann limit, one has to apply the following transformation and rescaling to Eq. ͑3.5͒ in Ref. 4 :
and then take the limit ␣→0. In the cases considered in Ref. 3, each of the three Killing vectors is linearly independent of the velocity and rotation. However, the five vectors existing in each four-dimensional tangent space to the manifold cannot form a linearly independent set. The three-dimensional space spanned by the Killing vectors, K 3 , must intersect with the two-dimensional plane spanned by the velocity and rotation, H 2 , along at least one direction. In the models of Ref. 1, the whole H 2 plane was a subspace of the K 3 space. In consequence, the velocity was a linear combination of the Killing vectors, and so those models were stationary. In the models of Ref. 2, considered up to now, the plane H 2 and the space K 3 intersected along the direction of the Killing vector
From now on, the line of intersection will not coincide with any Killing direction. Hence, in each case an equation of the following form will have to hold:
where a i and b i are functions on the manifold. Note that if b 2 ϭ0, then the velocity field is tangent to the symmetry orbits, and in consequence such a model has zero expansion and matter-density independent of the comoving time ͑the metric may depend on the time only because in general the metric has shear͒. Hence, b 2 is a measure of the tilt of the velocity field with respect to the orbits. Its relation to the tilt defined by King and Ellis 8 will be explained below ͓see after Eq. ͑5.6͔͒. 
͑5.2͒
where b, f , ␤ and ␥ are arbitrary constants, the h i j are arbitrary functions of the argument:
and U and V stand for
The Killing fields for the metric ͑5.2͒ are:
From ͑1.8͒ it follows then that:
This is the Eq. ͑5.1͒ specified for the case 1.1.1.1. As remarked above, when ␥ϭ0, the velocity field becomes tangent to the symmetry orbits. ͓With ␥→0, the argument of h i j given by ͑5.2͒ has to be redefined so that it becomes Zϭ␥T --→ ␥→0 Ϫ␤(bϪ f )z.͔ This means that the parameter (␥/␤) is a measure of the tilt of the velocity field with respect to the symmetry orbits. Indeed, the measure of tilt defined by King and Ellis 8 is proportional to (␥/␤). They defined the hyperbolic angle of tilt ␤ by
͑the difference in sign from their paper is a consequence of the difference in signature͒, where n ␣ is the unit vector normal to the orbits of symmetry. This definition of ␤ makes sense only when both u ␣ and n ␣ are timelike vectors; the cases of n ␣ being null or spacelike are not considered in Ref. 8 . However, u ␣ n ␣ is a measure of the tilt also for nontimelike n ␣ . In particular, when u ␣ is tangent to the symmetry orbits, u ␣ n ␣ ϭ0. The vector n ␣ is related to the Killing fields by
where
In our case then
Analogs of ͑5.1͒ and ͑5.6͒ will exist in every case considered from now on. In the models of Ref. 2, considered up to now, where the Killing field k (3)
␣ always had the form k (3) ␣ ϭC 3 u ␣ ϩ( 3 /n)w ␣ , 3 was a measure of the tilt. For calculating the limit of zero rotation and zero shear, the following reparametrization is useful: The kϭϪ1 Friedmann limit results now from ͑5.12͒ when 0 ϭ0 ͑after which all h i j depend only on t), and
͓The last of ͑5.13͒ implies Dϭ0.͔ The kϭ0 Friedmann limit results when in addition bϭ f ϭ0.
͑5.14͒
The reparametrization ͑5.11͒ transforms the Killing fields k (2) ␣ and k (3) ␣ from ͑5.5͒ as follows:
. ͑5.15͒
In the kϭϪ1 Friedmann limit (bϭ f ), together with k (1) ␣ , this becomes a Bianchi type V algebra, and in the kϭ0 Friedmann limit (bϭ f ϭ0), it becomes type I.
VI. CASE 1.1.1.2 OF REF. 3
This case is given by Eqs. ͑3.7͒-͑3.11͒ in Ref.
3. It is of Bianchi type VIII or VI 0 ͑when g 0 or gϭ0, respectively͒, so only the kϭ0 Friedmann limit may exist here. The limit of zero rotation and zero tilt can be considered without transforming the metric back to the Plebański form, but the three subcases have to be considered separately.
The Killing fields in this case are
The analog of Eq. ͑5.1͒ is
and, consequently, the King-Ellis measure of tilt is
͓N ␣ is given by ͑5.8͔͒.
The argument of the arbitrary functions in the metric is
In case I (gB 0), the reparametrization needed is
͑ h 13 ,k 13 ͒ϭ͑ G 13 ,K 13 ͒ 0 , h 22 ϭG 22 / 0 2 .
͑6.6͒
The full reparametrized metric, with 0 0, is rather complicated here, so only the limit 0 →0 will be quoted: 
͑6.7͒
The kϭ0 Friedmann limit results when further h 11 ϭG 22 ϭh 33 ϭϪR 2 (t). As seen from ͑6.1͒, the symmetry group becomes Bianchi type I in the limit 0 →0 after the reparametrization ͑6.4͒ ͓the Killing field k (3) has to be replaced by l (3) ϭ 0 k (3) in order that the limit is nonsingular͔.
In case II (Bϭ0), Eq. ͑6.5͒ remains unchanged, while ͑6.6͒ is replaced by 
The Killing fields for the metric ͑7.2͒ are
The analog of ͑5.1͒ is here
and the King-Ellis measure of the tilt is:
.5͒ shows that with ␥(bϩ f )ϭ0, the model should be nonexpanding. This is so indeed, but in order to be able to consider the subcase ␥(bϩ f )→0, we have to take ␥(bϩ f )T as the argument of h i j in ͑7.2͒ instead of the T given by ͑7.3͒.
We define
Eª͑bϩ f ͒ 2 ϩD 2 , ͑7.7͒
and then the reparametrization needed for the limit of zero rotation and zero tilt is After the reparametrization we have
bϩ f , 1 ϭϩ1, 2 ϭϪ1, In the limit 0 →0, all the H i j will depend only on t. The limit of zero shear is then obtained by
͑7.10͒
To obtain the Friedmann limits, a further reparametrization of the constants C i j is necessary. We define The metric ͑7.9͒ may then be written
͑7.12͒
The kϭϪ1 Friedmann limit results now when dϭ0, the kϭ0 limit results when bϩ f ϭ0 in addition. The first of ͑7.11͒ was necessary to eliminate ␥/d from ͑7.9͒ so that the limit d→0 could be subsequently taken. We have found above ͓after Eq. ͑7.6͔͒ that bϩ f ϭ0 corresponds to zero expansion. This is so when bϩ f →0 with other parameters unchanged. In considering the kϭ0 Friedmann limit, b ϩ f is set to zero after the limit d→0 had already been taken. In order to make these two limits compatible, we have to assume that bϩ f →0 slowly enough so that D/(bϩ f )→0 and y/(b ϩ f )→0. With the reparametrization ͑7.8͒, this is achieved when bϩ f ϭB 0 , where 0ϽϽ1. After the reparametrization ͑7.8͒, in the limit 0 →0, the Killing fields become
This is a Bianchi type IV algebra, and in the Friedmann limits kϭϪ1 (dϭ0) and kϭ0 (dϭb ϩ f ϭ0) it becomes type V and I, respectively.
VIII. CASE 1.1.2.2 OF REF. 3, BIANCHI TYPE IX SUBCASE
͑Note: the first commutator in Eq. ͑5.20͒ in Ref. 3 should have a minus on the right-hand side.͒ The analog of ͑5.1͒ here is
͑8.7͒
In agreement with this, the King-Ellis measure of tilt is here
The case presently considered is the only one of type IX in the whole classification. Therefore, ͑1͒ This is the only place where the kϭϩ1 Friedmann model will appear as a limit; ͑2͒ The models represented by Eqs. ͑8.2͒-͑8.6͒ include those considered by Gödel. 10 ͑Ours are in fact more general because the tilt of the symmetry orbits with respect to the velocity field is an arbitrary parameter here.͒ We shall deal with this point further on. ͑8.11͒
From now on, the x 2 -coordinate will be . Then, in order to set the rotation and the tilt to zero, the following further reparametrization is needed:
͑8.12͒
Let us note that
The metric ͑8.5͒, reparametrized by ͑8.10͒-͑8.12͒, becomes The kϭ0 Friedmann model will result from this after the transformation-reparametrization ϭarccos͑ky ͒, hϭH/k, xϭkxЈ, ͑8.18͒
in the limit k→0. For the kϭϩ1 Friedmann limit, the algebra of the Killing fields ͑8.6͒, suitably transformed by use of ͑8.9͒, ͑8.11͒, and ͑8.12͒, is still of Bianchi type IX. For the kϭ0 limit, the algebra ͕l (1) ,l (2) ,l (3) ͖ªk͕k (1) ,k (2) ,k (3) ͖ is of Bianchi type I when k→0.
As stated above, the class of models defined by ͑8.2͒-͑8.5͒ must contain the one considered by Gödel in Ref. 10 . This is so because two of Gödel's assumptions ͑dust source and nonzero rotation͒ place his class within our collection, and the third assumption ͑compact spaces t ϭconst, i.e., Bianchi type IX; the Bianchi classification and terminology had not yet been in common use in Gödel's time͒ uniquely points to the subcase I of our case 1.1.2.2. Gödel presented several properties of these models in the form of theorems, but mostly without proofs and almost without formulas. It would be an interesting exercise to see how Gödel's theorems apply to the explicitly given metric ͑8.2͒-͑8.5͒.
In particular, one of his statements seems to need a refinement. It is now seen that the proper signature will result only when
͑9.4͒
In order to obtain the kϭ0 Friedmann model from ͑9.3͒, we then rescale the constants again as follows:
͑9.5͒
and take the limit g→0. The limiting metric is
and in the limit of zero shear, G 11 ϭC 11 h 33 ϭϪC 11 R 2 (t), this becomes the kϭ0 Friedmann model indeed.
The Killing fields for this case are given by ͑8.6͒. After the rescalings ͑9.2͒ and ͑9.5͒, the following basis of the symmetry algebra is obtained:
This is of Bianchi type VII 0 . When Bgϭ0, and the Bianchi type is VIII, we must have:
The metric is then found from Eqs. ͑5.28͒ and ͑5.23͒-͑5.26͒ in Ref. 3, suitably adapted. With B ϭ0, the arbitrary functions depend only on t. The metric needs then to be rescaled as follows: 
͑9.9͒
and the result of the rescaling is
This is of type VI 0 . We now transform ỹ by ͑9.10͒, and redefine k (3) Ј once more
In the limit k→0, the following basis then results:
͑u being now the x 2 ͒, which is clearly of Bianchi type I. Finally, when the Bianchi type is VII 0 ͑i.e., gϭ0͒, the metric results by a simple specialization of Eqs. ͑5.23͒-͑5.25͒ and ͑5.28͒ in Ref. 3. In this case necessarily b/cϽ0 and
The rescaling that will allow to calculate the limit 0 →0 is
The argument of the arbitrary functions must then be redefined so that it becomes:
t.
͑9.21͒
The limit →0 of the metric is then:
͑9.22͒
The kϭ0 Friedmann limit results from here when shear is set to zero, i.e., when g i j ϭϪC i j R 2 (t). The basis of the Killing fields in the limit 0 →0 is found as follows:
͑9.23͒
X. CASES 2.1 OF REF. 3
In the case 2.1.1 the transformation back to the Plebański coordinates is the inverse of ͑7.16͒ in Ref. 3 , and when applied to ͑7.18͒ there, it gives the following metric: 
and they form a Bianchi type IV algebra. The analog of ͑5.5͒ is
͑10.5͒
and the King-Ellis measure of tilt is
The redefinitions needed to make the limit 0 →0 finite are Y ªỹ ϪCz/␥.
In the limit 0 →0, all H i j become functions of t, and the Killing fields become
still of type IV. The shearfree limit of ͑10.8͒ is
The kϭϪ1 Friedmann model will then result when Cϭ0 ͑and, consequently, Y ϭỹ ), the k ϭ0 Friedmann model will result when bϩ f ϭ0, with no condition on C. Both limits can be easily taken also in the Killing fields ͑10.9͒, with Cϭ0 they become of type V, with bϩ f ϭ0 they become of type I.
The case 2. However, when AϽ0, the limit of constant curvature in the spaces tϭconst has a wrong signature. Therefore, the formulas must be re-adapted to AϾ0. This is the result: The Killing fields for ͑11.1͒ are
The analog of ͑5.1͒ is
and the King-Ellis measure of tilt is ͱϪgu ␣ N ␣ ϭ␥.
͑11.5͒
The redefinitions needed to make the limit 0 →0 of ͑11.1͒ finite are In the limit 0 →0, all the arbitrary functions will depend only on t.
The kϭ0 Friedmann limit follows from ͑11.8͒ when the following further specialization and transformation is made: 
͑11.12͒
The kϭ0 Friedmann model results now when
The Killing fields need not be reconsidered because Aϭ0 is an allowed subcase for ͑11.3͒.
XII. CASES 2.2.1.2 OF REF. 3
In considering these cases, we first have to correct two errors. The first error is that the arbitrary constant y 0 actually must be equal to zero in all the formulas. The second error is that one subcase was overlooked-it needs special treatment and is not included in the formulas given in Sec. X of Ref. 
and they form a Bianchi type III algebra. The Killing fieds ͑12.4͒ are a subcase of the general expression that will apply to the whole case 2.2.1.2 collection. The analog of ͑5.1͒ will be given further on for the whole class.
The rescalings needed to find the nonrotating limit of ͑12.5͒ and ͑12.6͒ are The kϭ0 Friedmann limit is now obtained from ͑12.8͒ when shear is set to zero ͓h i j ϭϪC i j R 2 (t), C 33 ϭ1], and in addition ␥ϭh j, j→0.
͑12.9͒
In order to make the limits 0 →0 and j→0 compatible, it has to be assumed that jϰ 0 ␣ , where 0Ͻ␣Ͻ1, e.g., ␣ϭ1/2. The Killing fields ͑12.4͒ become then an almost-standard Bianchi type I basis in the limit 0 →0, but k (3) ␣ has to be replaced by . However, the parametrization of the metric used in Ref. 3 is inconvenient for calculating the Friedmann limit. It will be more convenient to rewrite it in the parametrization in which 1 and 2 appear symmetrically. Therefore, instead of ͑10.15͒-͑10.17͒ from Ref. 3, we will use the following formulas: 
͑12.12͒
The Killing fields corresponding to ͑12.11͒ and ͑12.12͒ ͓and to all the other subcases of case ͑2.2.1.2͔͒ are
The analog of ͑5.1͒ ͑again valid for all the subcases͒ is
The rescalings needed to make the limit 0 →0 finite are
In consequence of this we have
where the symbols with a tilde are obtained from those on the left by replacing (M ,N) →(m,n), and they do not depend on 0 . Also, from now on Y will be used as the x 2 -coordinate in place of y, so dyϭ 0 P dY .
͑12.18͒
The rescalings ͑12.16͒ have to be accompanied by the following redefinitions of other functions in the metric:
the algebra still being of type VI h . The further rescaling ͑12.21͒ and the limit D→0 transform ͑12.24͒ into a Bianchi type V algebra, but k (3) ␣ has to be replaced by
When jϭ0 on top of D→0, the Bianchi type reduces to I. .18͒-͑11.27͔͒ is of Bianchi type I, with the velocity field being tangent to the symmetry orbits, so it has no Friedmann limit at all.
XIV. SUMMARY
All the metrics derived in Refs. 1-3, that correspond to rotating hypersurface-homogeneous dust models, have been checked here for the existence of a Friedmann limit. It was found that such a limit exists for all those cases listed in Refs. 2 and 3, where the matter-density is not constant along the flow. However, in at least one class ͑see Sec. III͒, the Friedmann model will have no rotating parent solution, but will instead be a separate subclass.
Along the way, the nonstationary metrics were all transformed to such a form, in which the limit of zero rotation can be explicitly calculated. The transformation-reparametrization leading to this form is nonsingular and invertible in each case, but it becomes singular when →0. The limits ϭ0 all have nonzero shear. Thus, a whole collection of metrics generalizing those of Friedmann was found that can be used in studying spatially homogeneous exact perturbations of the latter.
The Class A Bianchi-type metrics ͑those in which the structure constants have the property C a ac ϭ0) are known to admit a Lagrangian-Hamiltonian formulation. 12 Those of them that obey the Einstein equations with a rotating dust source ͑types VI 0 , VII 0 , VIII, and IX͒ were studied by Ozsváth. 7, 13 The Lagrangians and Hamiltonians were explicitly found in Refs. 7 and 13, and the Einstein equations in the Hamiltonian form were then transformed to such variables, in which they become analytic. This should prove the existence of solutions.
Two more papers, specifically devoted to rotating spatially homogeneous dust solutions, are those of Behr 11 ͑where a subclass of type IX models was investigated͒ and of this author 4 ͑dis-cussing a subclass of type V models͒. In both of these, the Einstein equations were transformed, simplified, investigated for known limiting cases and for Lie symmetries, but no explicit solutions were found. A ͑hopefully͒ complete overview of other solutions with rotating matter source is given at the end of Ref. 3.
It is hoped that the present paper will be helpful in picking out those models for future investigation that promise interesting physics or geometry.
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